The authors examined cue competition effects in young children using the blicket detector paradigm, in which objects are placed either singly or in pairs on a novel machine and children must judge which objects have the causal power to make the machine work. Cue competition effects were found in a 5-to 6-year-old group but not in a 4-year-old group. Equivalent levels of forward and backward blocking were found in the former group. Children's counterfactual judgments were subsequently examined by asking whether or not the machine would have gone off in the absence of 1 of 2 objects that had been placed on it as a pair. Cue competition effects were demonstrated only in 5-to 6-year-olds using this mode of assessing causal reasoning.
Imagine your task is to learn which foodstuffs cause an allergy in a patient, a task commonly used in studies of adult causal cognition (e.g., Aitken, Larkin, & Dickinson, 2001; Dickinson, 2001; Le Pelley & McLaren, 2003) . You find out that the patient has an allergic reaction after he (or she) has eaten cheese. Can you assume that cheese caused the reaction? Or, to put things counterfactually, would the patient still have had the reaction if he hadn't eaten cheese? How these questions should be answered depends on whether the patient has eaten other foods along with cheese and whether the allergic reaction has occurred in circumstances when cheese has not been eaten. In other words, it depends on what other cues might be competing in explaining why the allergy has occurred. For example, assume that the patient eats some nuts, gets the allergic reaction, and then eats some cheese and nuts together and also gets the allergic reaction. Under such circumstances, initially finding out that the patient has the reaction after eating nuts is likely to block new learning that cheese causes the reaction, because the cheese is eaten along with a foodstuff that is already known to cause the allergy. This type of effect is often referred to as blocking (e.g., Chapman & Robbins, 1990; Kruschke & Blair, 2000; Le Pelley, Oakeshott, & McLaren, 2005; Shanks, 1985) and is one of family of phenomena known as cue competition effects Shanks, 2007) . Studies examining such phenomena demonstrate that causal judgments are not determined solely by how frequently a cue has occurred in the presence of outcome. Rather, the status of other cues is taken into account. The related phenomenon of causal discounting has been examined extensively by social psychologists (Kelley, 1972; Kruglanski, Schwartz, Maides, & Hamel, 1978) . This research has explored whether adults take into account the role of other potential causes when attributing a motivation to behavior and has demonstrated that the role of a putative motivation is discounted if another plausible cause is also present. For example, if we already know that someone is very busy and preoccupied, we may discount the possibility that he is ignoring us because we have offended him.
Some relevant developmental research has already been been conducted on these issues. There is a long-standing research tradition on the development of causal discounting, with some research suggesting that if a potential alternative cause is made very salient, even preschoolers appear to discount certain motivations (Aloise & Miller, 1991; Miller & Aloise, 1989) . Moreover, recent characterizations of causal learning in young children have also emphasized that their causal judgments are not a result of a simple association between a cue and an outcome based just on how frequently the cue and outcome co-occur, because children show sensitivity to the extent to which the outcome occurs in the absence of that cue and the relation of other cues to the outcome Gopnik, Sobel, Schulz, & Glymour, 2001; Schulz, Bonawitz, & Griffiths, 2007; Sobel, Tenenbaum, & Gopnik, 2004) . However, there are still considerable gaps in our knowledge of whether young children's learning embodies cue competition effects and whether they change developmentally (though see Beckers, Van den Broeck, et al., 2005; Beckers, Vandorpe, Debeys, & De Houwer, 2009; Sobel & Kirkham 2006; Sobel et al., 2004) . Our primary aim in the studies reported in this paper was to conduct a more systematic developmental study of certain types of cue competition effects than has previously been reported.
Studies With Adults of Cue Competition Effects
Here we highlight two important manipulations that have been carried out in studies of cue competition effects in adults that have not yet been extensively studied in children; both of these manipulations were examined in our studies. First, one of the basic factors that studies of causal learning with adults have varied is whether or not a competing cue is itself paired with the effect. As we have described, in blocking procedures, the competing cue is independently paired with the effect (e.g., in our introductory example, an allergy occurs when nuts are eaten on their own; these will be labeled Aϩ demonstrations), and then a compound of two cues is paired with the effect (nuts and cheese in our example; labeled ABϩ demonstrations). The initial Aϩ demonstrations are likely to block subsequent learning of a relation between B (cheese) and the allergy. However, in other procedures the competing cue is shown not to be paired with the effect (e.g., the hypothetical patient is given nuts and no allergy occurs; labeled AϪ demonstrations) before the compound cue ABϩ is presented. Under such circumstances, participants are particularly likely to judge the target cue B (cheese) as causal; for present purposes we will refer to this as a generative effect of the initial AϪ demonstrations on learning (such effects are frequently referred to as prevention from overshadowing in the adult causal learning literature, but we will adopt this simpler terminology). Normatively, this type of judgment makes sense because once A is known not to be causal, B has to have caused the outcome (at least in deterministic scenarios). Table 1 illustrates the key trial structures for each of these cue competition effects. Note that when demonstrating both of these cue competition effects, one should compare responses to B to those from control trials involving two other novel cues (e.g., bread and strawberries in a food allergy task) in which neither cue is independently paired with the effect, in order to show that the individual pairings (Aϩ and AϪ demonstrations) have affected the causal ratings for B .
The second manipulation used extensively in studies of cue competition effects with adults has been to vary the order in which participants receive information about cues (e.g., Chapman, 1991; Kruschke & Blair, 2000; Lovibond, Been, Mitchell, Bouton, & Frohardt, 2003) . As described in our example, in what we will henceforth label a forward blocking procedure, participants see a cue A (e.g., nuts) paired with an effect in advance of a compound of two cues AB (e.g., nuts and cheese) paired with the effect. By contrast, in a backward blocking procedure the phase involving ABϩ presentations comes first, followed by a second phase in which Aϩ presentations are given (see Table 1 ). Backward blocking is observed under at least some conditions (e.g., Beckers, De Hower, Pineňo, & Miller, 2005; Kruschke & Blair, 2000; Lovibond et al., 2003) , as are what we will call backward generative effects, when participants see AϪ demonstrations after ABϩ demonstrations (e.g., Chapman, 1991;  this type of effect is often referred to as release from overshadowing).
Such backward learning effects have been accorded much theoretical significance, because they rule out some simple but intuitively plausible models of causal learning. Forward blocking is readily explained by associative models of causal learning that assume that there is a change in the strength of an association between a cue and an effect only if the occurrence of the effect is not already predicted on the basis of the cues present (Dickinson, 2001; Rescorla & Wagner, 1972 ; such models also readily predict forward generative learning). For example, in forward blocking during ABϩ demonstrations the effect is already predicted by the presence of cue A, which was previously shown paired with the effect; thus, such models assume that new learning of an association between B and the outcome is blocked. However, basic associative models do not predict backward blocking: According to basic associative models of causal learning, no learning about B should take place during the second phase because B is not present. In fact there has been considerable debate over how backward blocking should be modeled (e.g., De Houwer & Beckers, 2002; Denniston, Savastano, & Miller, 2001; Dickinson & Burke, 1996; Kruschke, 2006; Van Hamme & Wasserman, 1994) .
On one approach, attempts have been made to develop models that retain some of the basic principles of associative accounts but make additional assumptions that allow them to explain such findings (Dickinson & Burke, 1996; Van Hamme & Wasserman, 1994 ). An alternative, and now popular, approach has been to reject associative accounts and develop quite different ways of explaining causal learning. What are known as higher order theories of causal learning assume that processes similar to those that are normally considered reasoning processes, rather than learning depending on the mere formation of associations between cues and outcomes, are employed in such tasks (for review and discussion, see De Houwer, 2009; De Houwer et al., 2005; Pineňo & Miller, 2007; Shanks, 2007) .
Note that a number of quite different theories, which employ differing levels of description, could potentially be categorized as higher order theories (e.g., those of De Waldmann, Hagmayer, & Blaisdell, 2006 ; for a discussion, see Pineňo & Miller, 2007) . Of particular interest from a developmental perspective are approaches that view cue competition effects on standard causal learning tasks as a result of processes that are controlled, effortful, and akin to inferential reasoning processes (De Houwer, 2009; De Houwer et al., 2005) . Studies have shown that cue competition effects in adults are selectively disrupted if a secondary task has to be completed during learning, suggesting that such effects rely on working memory (e.g., De Houwer & Beckers, 2003; , are highly susceptible to task instructions regarding the nature of the cues (e.g., Waldmann, 2000 Waldmann, , 2001 , and are modulated by factors that might be expected to influence deductive reasoning (e.g., Lovibond et al., 2003) . This range of findings is potentially important, because it naturally leads to the prediction that we might expect developmental differences in the extent to which cue competition effects are observed. Alternatively, if one managed to demonstrate such effects in very young children, this might call into question the extent to which such effortful reasoning processes necessarily underpin cue competition effects in humans.
Developmental Studies of Cue Competition Effects
Given the role of cue competition effects in debates over the nature of causal learning and the potential for developmental findings to contribute to such debates, it is important to review what we currently know about the nature of such effects in children's learning. Beckers, Van den Broeck, et al.'s (2005) study examined forward and backward blocking in 4-and 8-year-old children. In a single experiment they found blocking at modest though statistically significant levels and did not appear to find age effects; nor did they find an effect of trial order (i.e., levels of forward and backward blocking were similar). Sobel et al. (2004) examined backward blocking more extensively in 3-and 4-yearolds using the blicket detector paradigm. In this paradigm, cues are objects that either set off the detector (i.e., are blickets) or do not set off the detector (i.e., are not blickets). Versions of this paradigm have been used extensively in recent studies of children's causal learning, and indeed we use this paradigm in the studies reported here. Sobel et al. reported backward blocking in both age-groups, although blocking was more marked in their 4-yearold group. Moreover, Sobel and Kirkham (2006; Experiment 1) found some evidence of a generative effect, although not backward blocking, in the causal learning of children as young as 2 years of age when a simple forced-choice measure was used. Note, however, that the primary aim in Sobel et al. (2004) and Sobel and Kirkham (2006) was not to systematically examine whether children show backward learning per se but rather to examine whether children were sensitive to conditional probability information. That is, the researchers were interested, for example, in whether children were sensitive to whether or not a potential cause was related only to the effect conditional on the presence of another cause (see Sobel & Kirkham, 2007) . Although the findings of Sobel et al. suggest that young children are indeed sensitive to such information (see also Kushnir & Gopnik, 2005 , questions remain about the nature of the effects demonstrated in their studies. This is because they directly compared blocking trials to generative trials rather than compared backward blocking trials to the type of control trials shown in Table 1 . As has been discussed, in studies of adult causal learning, judgments of the causal strength of B in generative trials are typically high, higher than, for example, those given to a paired cue from control trials. Thus, the fact that children were more likely to judge that B was a blicket in generative trials than in backward blocking trials does not allow us to be confident that blocking was observed. Beckers et al. (2009) addressed this issue by examining 3-yearolds' performance on a blicket detector task in which judgments for backward generative and blocking cues were compared with those given to cues from control trials. The results were mixed: Beckers et al. found no evidence for either backward blocking or generative learning in this age-group when participants were asked to judge whether or not objects were blickets. However, they did find some evidence for generative learning but not backward blocking when using a forced-choice measure in which children were asked to choose an object to make the detector activate. In summary, although some evidence suggests that cue competition effects can be observed in young children, the findings from the small number of published studies do not allow us to be confident that this is the case and have not always been consistent. Moreover, it is not clear whether cue competition effects involving backward designs show the same developmental profile as do cue competition effects using forward procedures. We designed the present series of experiments to examine these issues.
Counterfactual and Causal Reasoning
In describing blocking in our introductory example, we raised the possibility of asking participants a counterfactual rather than a causal question: Rather than asking whether or not cheese caused the allergic reaction, we could ask whether the allergic reaction would have happened if the patient hadn't eaten cheese. There is a long history of history of debate in both philosophy and psychology regarding the relation between causal and counterfactual thinking (Collins, Hall, & Paul, 2004; Hagmayer, Sloman, Lagnado, & Waldmann, 2007; Hart & Honoré, 1959 /1985 Lewis, 1973; Mackie, 1974; Mandel, 2003; Woodward, 2003 Woodward, , 2007 , with some developmentalists arguing either that counterfactual reasoning underpins causal judgments (Harris, German, & Mills, 1996) or, more recently, that the sorts of representations that underpin causal judgments should also support counterfactual ones (Gopnik & Schulz, 2007 ; see also Woodward, 2007) . In studies of the sort of cue competition effects we have described, the trial structure of the tasks means that participants have to make a causal judgment about a cue B that they have never seen paired on its own with or without the outcome (that is, they have seen B only in the presence of another cue A). In such tasks, there is a counterfactual scenario that would provide a direct information about B's causal status, one in which B occurs without A, but this scenario has not been observed by participants. The implication of this is that there is a counterfactual question-effectively, would the outcome have occurred in the absence of A, in a novel counterfactual scenario in which only B was present-that closely parallels the causal question. In fact, some psychologists who subscribe to higher order theories of causal reasoning have argued that there might be a particularly close relation between counterfactual and causal judgments in cue competition tasks, with Mitchell, Lovibond, and Condoleon (2005) suggesting that in blocking procedures participants consider unobserved counterfactual scenarios in coming to their conclusion about the causal status of cues.
Although we do not want to argue here that counterfactual reasoning underpins cue competition effects, such as blocking, the issue of whether children could answer counterfactual questions that have parallels to causal questions is important both in the light of recent theoretical accounts of causal representation that stress commonalities in the representations underpinning causal and counterfactual judgments (Gopnik & Schulz, 2007; Hagmayer et al., 2007; Sloman & Lagnado, 2005) and given ongoing debates about whether young children are capable of genuinely counterfactual thought (e.g., Beck, Robinson, Carroll, & Apperly, 2006; German, 1999; German & Nichols, 2003; Perner, Sprung, & Steinkogler, 2004) . Experiments 3 and 4 reported below contribute to this debate because they assess young children's counterfactual reasoning about never-observed scenarios in a novel context. This design rules out the possibility that children could respond simply on the basis of general knowledge rather than counterfactual reasoning. For example, in Harris et al.'s study (1996) children were asked counterfactual questions about what would have happened if a doll had taken off her muddy shoes before walking across a floor. It is possible that children could have answered such questions correctly by simply drawing on their general knowledge that floors stay clean if you take off your shoes, rather than thinking counterfactually about the experimental scenarios actually observed. As Perner et al. (2004) put it, children could derive the answers to such questions "without recourse to the actual sequence of events" (p. 198). The questions used in our studies could not have been answered in this way and by necessity involved reasoning about unfamiliar scenarios and taking into account what had just happened.
We also note that asking counterfactual questions about neverobserved scenarios can be seen as the linguistic analogue of eliciting certain action-based responses in a blicket detection task. In some previous developmental experiments involving cue competition effects (Beckers et al., 2009; Sobel & Kirkham, 2006, Experiment 1; Sobel et al., 2004) , children were asked to generate types of actions they had never seen, involving the use of just one object that they had previously seen presented only as part of a pair. Indeed, Sobel and colleagues have argued that children's ability to generate a novel intervention suggests that in observing demonstrations children have learned something genuinely causal that goes beyond mere associative learning. They suggest that it demonstrates that children can use their inferences "to produce new interventions to elicit causal outcomes, rather than simply associating actions with effects" (Sobel et al., 2004, p. 328) . In the context of the blicket detector task, the linguistic analogue of such a task would be to ask children to make judgments about situations they have not seen, in which one object, which they have so far seen only as part of a pair, is placed on the blicket detector on its own. That such an ability can be seen as a verbal reasoning analogue of generating a novel intervention is implied by recent ways of describing counterfactual judgments as involving the imagining of the effects of hypothetical interventions on a model of the causal structure of a scenario (Hagmayer et al., 2007; Sloman & Lagnado, 2005) .
Experiment 1
The aim in this preliminary experiment was to replicate the findings of Sobel et al. (2004, Experiment 2) , who found a difference between backward generative and blocking trials. In their experiment, Sobel et al. tested only 4-year-olds; in our study we also included an older group in order to examine whether the difference between trial types increased with age.
Method
Participants. Forty-five children took part in the study, nineteen 4-year-olds (M ϭ 54 months, range ϭ 49 -59 months) and twenty-six 5-to 6-year-olds (M ϭ 74 months, range ϭ 69 -80 months). There were 19 boys and 26 girls. In this experiment and subsequent ones, children were recruited from schools and nurseries and were tested in a quiet area in their schools. We recruited children in this and subsequent experiments by writing to the parents of all children in each school or nursery class that participated in the study. Children were included only if their parents agreed in writing to allow them to take part. In this and subsequent experiments, the children all were of Caucasian origin and came from English-speaking homes, and they were primarily of lower to middle social class. No specific information on parental income or educational level was available.
Materials. The "blicket detector" was constructed to be similar in appearance and operation to that used in previous studies by Gopnik and colleagues. It was made of gray plastic with a transparent red plastic top and was 20 ϫ 12 ϫ 7.5 cm in dimension. A single wire emerged from the side of the box that was connected to a foot pedal hidden from the child's view. The experimenter could use the foot pedal to switch the box on and off without the child's knowledge. The box was battery powered. When the detector was switched on and an object was placed on top of it, a set of LEDs located under the red transparent top was immediately activated and a tune played. This was achieved through the use of weight-sensitive pressure pads. The lights turned off and the tune stopped as soon as the object was removed. When the detector was turned off, nothing happened when objects were placed on top of it. A pool of 30 wooden objects served as potential "blickets"; these were of varying colors, patterns, and shapes. This pool was kept in a box below the table on which the experiment was conducted.
Procedure. The pretraining procedure closely followed that of Sobel et al. (2004) . Children were introduced to the blicket detector and told that it was a special machine that lit up and played a tune when blickets were placed on it. The experimenter then selected two objects from the pool and placed each one separately on the detector. The first object activated the detector; as children observed this the experimenter said, "This one makes the machine go. It is a blicket!" This object was then removed, and the second object was placed on the detector. It did not activate the detector, and the experimenter said, "This one doesn't make the machine go. It's not a blicket!" These demonstrations were then repeated. After this, children were told that they were going to help the experimenter play a game, which was to find out which objects were blickets. The experimenter took a further two objects from the pool for use in the training trials and placed them in front of the child. Each of the objects was then placed individually on the detector; one object set off the detector and the other object failed to do so. Children were asked whether or not each object was a blicket, and the two trials were then repeated. No children made errors on any of these training trials. Following the training phase, seven experimental trials were administered: two backward blocking trials, two backward generative trials, two association trials, and one basic control trial (see Table 2 ; the table also shows the expected patterns of responses). The experimenter randomly picked two objects from the pool before each trial and did not replace them after the trial had been completed. The order in which children received the seven trials was randomized individually for each child. Children did not receive feedback during the test trials on whether or not their answers were correct.
Children received two backward blocking trials; in these trials children initially saw two demonstrations in which the paired objects (A and B) were placed on the detector, setting it off, followed by a demonstration in which one of the objects (A) set off the detector on its own. The left-right position of the A and B objects on the detector was counterbalanced; this was also the case for the backward generative trials. After the three demonstrations, the A and B objects were placed in front of the child, and, following Sobel et al. (2004) , children were first asked whether or not the A object was a blicket and then whether or not the B object was a blicket. Children were encouraged to guess if they seemed unsure of an answer. Children were also given two backward generative trials; in these trials children initially saw two demonstrations in which A and B objects set off the detector when they were placed on it together, followed by a demonstration in which A was placed on the detector on its own but did not set it off.
There were also two trials, here referred to as association trials, that Sobel et al. (2004, Experiment 2) used in order to demonstrate that children are prepared to give positive responses to two cues in one trial. In these trials, there was one demonstration in which one object (A) was placed on the detector on its own and two demonstrations in which another object (B) was placed on the detector on its own. The detector went off on all three demonstrations. Children were asked if each object was a blicket. Children also received a single basic control trial in which three objects (A, B, and C) were used, with each placed on the detector individually. Two of these objects set the detector off and one did not; the object that set off the detector was varied across participants. Following Sobel et al., this basic control trial was included to ensure that children had understood the task and were paying attention to it. In this experiment, no children failed the basic control question. On completion of these trials, children were thanked for their participation and given a set of stickers of their choice. Table 3 shows the average number of yes responses for each trial type (scores range from 0 to 2). In the case of all A objects, children could give a correct response simply by remembering whether or not the individually presented item had set off the detector. In both age-groups, participants invariably judged appropriately that the individually presented object was a blicket in the blocking trials and that it was not a blicket in the backward generative trials. They also invariably judged that both objects were blickets in the association trials.
Results and Discussion
For B objects, in backward generative trials the normatively correct response was to judge that B was a blicket. Indeed, all children consistently did so. In backward blocking trials, children had not been given enough information to judge whether or not B was a blicket, as although they had been shown that A was a blicket, it remained possible that B could be a blicket as well. Paired t tests showed that significantly fewer positive responses were given to B items in the backward blocking trials than in backward generative trials by the 5-to 6-year-olds, t (25) Note. AB denotes that A and B were placed simultaneously on the machine; BC denotes that B and C were placed simultaneously on the machine. Activation of the machine is indicated by a plus sign; nonactivation is indicated by a minus sign. 
Experiment 2
In Experiment 1, participants' responses to the paired B objects were compared across blocking trials and generative trials. However, as we omitted the appropriate controls in order to replicate Sobel et al. (2004, Experiment 2) it is not clear whether such findings reflect backward blocking, generative learning, or both (Beckers, Van den Broeck, et al., 2005; Beckers et al., 2009 ). In our second experiment we used the appropriate control trials. In these control trials, participants initially saw two objects placed together on the detector, as in backward generative and backward blocking trials. However, for the subsequent demonstration of an individually presented object, a new object was introduced that had not been part of the pair (see Table 2 ). In the controls for backward blocking trials the new object set off the detector; in the controls for backward generative trials it did not. Because the object was new, these demonstrations with an individually presented object should not have led to a revaluation of the objects previously presented in a pair. Differences between responses to the B object in these control trials in comparison to those in the backward blocking or generative test trials can be confidently interpreted as an indication that in the test trials the causal status of B has been revaluated as a result of the subsequent presentation of A on its own. In this experiment we also introduced a forward condition, in which demonstrations involving the individually presented objects were given before the paired presentations. Our aim was to compare levels of blocking in this forward condition to those observed in the backward condition. As mentioned previously, existing theoretical accounts of causal learning differ fundamentally in terms of whether or not they predict an effect of order of presentations (Cheng, 1997; Dickinson, 2001; Kruschke, 2006; Shanks, 2006) . For example, although simple associative theories predict forward blocking, they do not predict its backward equivalent. However, many nonassociative theories do not readily predict an effect of order of presentations, as learning is based on pieces of information that are identical regardless of trial order (e.g., Cheng, 1997; ; for a discussion of this point, see Shanks, 2006) . Thus, of interest is whether forward blocking and backward blocking are observed at similar levels and whether they show similar developmental patterns.
Method
Participants. Ninety-three children took part in the study: forty-three 4-year-olds and fifty 5-to 6-year-olds. Five of the 4-year-olds and four of the 5-to 6-year-olds failed the basic control question, and they were not included in further analyses. Of the remaining 4-year-olds, 19 took part in the forward condition (M ϭ 53 months, range ϭ 48 -59 months) and 19 took part in the backward condition (M ϭ 53 months, range ϭ 48 -58 months); of the 5-to 6-year-olds, 23 took part in the forward condition (M ϭ 76 months, range ϭ 69 -80 months) and 23 took part in the backward condition (M ϭ 74 months, range ϭ 69 -79 months). There were 42 boys and 42 girls.
Materials. These were identical to those used in Experiment 1. Procedure. Children were randomly assigned to either the forward or the backward condition. The order in which children received the trials was randomized individually for each child. In the backward condition children received two each of four types of trials (see Table 2 ) plus one additional basic control trial. The two backward blocking trials and backward generative trials were identical to those in Experiment 1. The control trials were identical to experimental trials except that the object placed on the blicket detector alone was not one of those previously placed on the detector in a pair. The trials in the forward condition were identical to those in the backward condition except that all the individual presentations of the A object occurred before the paired demonstrations had been shown. Table 4 shows the average number of "yes" responses (with scores ranging from 0 to 2) given to A and B items in each trial type as a function of age-group and condition.
Results
Responses to A. An initial four-way analysis of variance (ANOVA) was conducted on the number of yes responses to A items with factors of age-group (4-year-olds vs. 5-to 6-year-olds), condition (forward vs. backward), trial type (blocking vs. generative), and trial status (control vs. experimental). As expected, the In summary, although for both age-groups the vast majority of responses to A objects were correct, performance was significantly worse in the forward than the backward condition. In the former condition, the individual presentations occurred before the paired presentations rather than after, and it seems likely that the effect of condition on answers to A is a result of participants simply being more likely to forget what had happened when A had been demonstrated on its own. The younger group also made significantly more erroneous yes responses in generative trials than did the older group, although there were no age effects on the number of correct yes responses in blocking trials.
Responses to B. In this experiment, blocking is indicated only if participants give fewer yes responses to B in blocking trials than in blocking control trials. Correspondingly, generative learning is indicated only if participants give more yes responses to B in these trials than in the respective control trials. It can be seen from Table  4 that the proportions of yes responses to B objects in experimental trials appear to be different from those in control trials only in the older age-group.
A four-way ANOVA was conducted on the number of yes responses to B objects with factors of age-group (4-year-olds vs. 5-to 6-year-olds), condition (forward vs. backward), trial type (blocking vs. generative), and trial status (control vs. experimental). The two-way interaction between trial type and age-group was significant, F(1, 80) ϭ 15.05, p Ͻ .001, p 2 ϭ .16, as was the three-way interaction among trial type, trial status, and age-group, F(1, 80) ϭ 10.43, p Ͻ .01, p 2 ϭ .12, whereas the main effect of condition was not significant (F Ͻ 1), and there were no significant two-or three-way interactions between condition and any other factors (Fs Ͻ 1.3). Thus, further analyses were conducted separately for each age-group collapsed across conditions. In the younger group, there was a significant interaction between trial type and trial status, F (1, 37) 
Discussion
The analyses indicate that cue competition effects occurred only in the older group, as it was only in this group that experimental trials differed from control trials. The effect of condition was not significant, indicating that the order in which participants received the demonstrations had no effect on their performance. However, clear age effects were found. The fact that 4-year-olds did not demonstrate either blocking or generative learning in this task may lead us to rethink Sobel et al.'s (2004) interpretation of the type of trial difference found in Experiment 1. We have argued that a comparison of blocking trials with the type of control trial used in Experiment 2 is more appropriate than a comparison of blocking trials with generative trials, as our control trials align more closely with those used in the literature on adult causal learning. Nevertheless, it is of interest that for the 4-year-old group, the mean number of positive responses for B objects in backward blocking trials found in Experiment 2 is notably higher than that found in Experiment 1. Indeed, we note that the responses of most of the 4-year-olds (30 out of 38) in Experiment 2 are consistent with their adopting the heuristic that all objects are blickets except those that they have seen not setting off the detector. In fact, in this respect the responses of our 4-year-olds closely resembled those of the 3-year-olds in Beckers et al.'s (2009) study, who also tended to give positive responses unless they had directly observed that an object did not set off the detector. The 5-year-old group, by contrast, produced somewhat fewer positive responses to B objects in Experiment 2 than in Experiment 1.
Why might 4-year-olds have been more likely to judge that B was not a blicket in backward blocking trials in Experiment 1? One possible interpretation of the findings of Experiment 1 is that children believed they were being asked to decide which of the two objects was a blicket, and if they had judged that A was a blicket, they would by default judge that B was not a blicket in blocking trials (and conversely in generative trials). Sobel et al. (2004) argued that the inclusion of association trials controls for such a possibility. However, it may be the case that children treat the questions as forced choice only when they have seen demonstrations of paired objects, whereas items are always demonstrated individually in association trials. Our suggestion is that negative responses in blocking trials in Experiment 1 may have reflected a simple tendency to treat the two questions about A and B as forced choice (i.e., that children took their task to be to decide which one of two items was the blicket). Thus, the issue is why children did not adopt this approach in Experiment 2. One likely explanation is that the presence of the control trials discouraged such a tendency. The inclusion of these trials may have meant that children were less likely to believe that their task was to make a forced choice between A and B object, because these objects never appeared together in these trials.
In conclusion, on the basis of the findings of Experiment 2, we argue that the findings of Experiment 1 and those of Sobel et al. (2004) give us no reason to believe that 4-year-olds show genuine blocking on this type of task. In this respect, our results are compatible with those of Beckers et al. (2009) . This finding is important because it suggests that whatever account we give of the processes underlying blocking on this task needs to be at least amenable to the possibility that these processes change developmentally. With respect to generative trials, our results are also identical to the findings of Beckers et al. (2009) , who found that 3-year-olds were equally likely to classify as a blicket the relevant object from a backward generative pair and one from control pair. However, we note that Beckers et al. did find that children were more likely to correctly choose the relevant object from a backward generative pair, rather than from the corresponding control pair, when asked to choose an object to set off the detector. This raises the possibility that response mode affects performance in this type of task, an issue we return to the General Discussion.
Experiment 3
In Experiment 3, we asked children to consider scenarios that differed from the ones they had observed, in order to examine whether they could bring their causal knowledge to bear in answering counterfactual questions. We used the same trial types to assess cue competition effects as those used in Experiment 2 (e.g., ABϩ, Aϩ backward blocking trials), but rather than asking children whether or not the B object was a blicket, we asked them whether the detector would have gone off in a counterfactual scenario in which A had not been placed on the detector along with B. Other researchers have used counterfactual questions as a measure of causal inference with some success (e.g., Buehner, Cheng, & Clifford, 2003; Collins & Shanks, 2006) , although the tasks and the counterfactual questions used with adults are considerably more complex than the one we used in this study with children. It is safe to assume that adults can grasp the counterfactual scenarios referred to in such questioning, but we do not know whether even 5-to 6-year-old children are capable of the type of counterfactual reasoning that has been described. Although children as young as 3 can make some types of counterfactual judgments (e.g., German & Nichols, 2003; Harris et al., 1996) , age differences are evident in other types of counterfactual tasks (Beck et al., 2006; German & Nichols, 2003; Perner et al., 2004; Riggs, Peterson, Robinson, & Mitchell, 1998) . Moreover, most previous studies of children's counterfactual reasoning have used simple scenarios involving causal relations with which young children might be familiar (e.g., a doll walking in muddy shoes that make the floor dirty) rather than situations in which children have to make inferences about the entirely novel causal powers of unfamiliar objects. This made it difficult to predict on the basis of existing research findings whether or not young children would be able to answer our counterfactual questions.
Method
Participants. Twenty-one 4-year-olds (M ϭ 52 months, range ϭ 49 -56 months) and thirty 5-to 6-year-olds (M ϭ 69 months, range ϭ 63-75 months) took part in this experiment. There were 22 boys and 29 girls.
Materials. These were identical to those used in the previous experiments.
Procedure. The introduction to the machine and the training trials were identical to those in Experiment 2. At test, children received two trials of each of the four backward trials used in Experiment 2 (see Table 2 ). Following the last demonstration in each trial, children were asked two questions. They were first asked whether or not A was a blicket, while the experimenter held A in one hand. Following the answer to this question, in backward blocking and generative trials, the experimenter picked up B with her other hand, so that she was holding both object A and object B in front of the child, with one object in each hand. Children were then asked a counterfactual question: The experimenter said, "A moment ago I put both these blocks on the machine together, and it went off. Do you think it would have gone off if I hadn't put this [gave color of A] one on?" The color of the A object was referred to in the question to make completely sure children knew to which object the experimenter was referring, because the experimenter was holding both objects. As she was asking the question, the experimenter also moved the hand holding the A object toward herself and away from the child to make it clear which object she meant, leaving the hand holding the B object in front of the child. In control trials, children were also initially asked whether A was a blicket. However, A did not feature in the counterfactual question. In these control trials, the experimenter put A aside (following the initial question about whether or not it was a blicket) and then picked up objects B and C. As in the other trial types, the experimenter then said, "A moment ago I put both these blocks on the machine together, and it went off. Do you think it would have gone off if I hadn't put this [gave color of C] one on?" Table 5 shows the proportion of positive responses given to each trial type. It can be seen from the table that children gave the highest number of positive responses to the counterfactual question in backward generative experimental trials. In backward blocking trials, the response consistent with judging that B was not a blicket would be to give a negative answer to the counterfactual. Five-to six-year-olds gave the smallest number of positive responses in these trials. The corresponding control trials give a baseline measure of the tendency to give positive responses to paired objects that set off the detector; it can be seen that children produced equal numbers of positive responses to the two control trial types. A three-way ANOVA on the number of positive responses given to the counterfactual question with a between-subjects factor of age and within-subjects factors of trial type (blocking vs. generative) and trial status (experimental vs. control) was conducted. The main effect of group was significant, F(1, 49) ϭ 5.23, p Ͻ .05, p 2 ϭ .096, with the 4-year-olds giving more positive responses than did the older children. The interaction between trial type and trial status was significant, F(1, 49) ϭ 8.35, p Ͻ .01, p 2 ϭ .146, as was the interaction between trial type and age, F(1, 49) ϭ 9.19, p Ͻ .01, p 2 ϭ .158. Separate two-way analyses of variance were conducted for each age-group; the interaction between trial type and trial status was significant only in the 5-to 6-year-old group, F(1, 29) ϭ 8.23, p Ͻ .01, p 2 ϭ .223. Paired t tests showed that none of the differences between any pair of trial types were significant in the 4-year-old group ( ps Ͼ .05). In the 5-to 6-year-old group, paired t tests found significant differences between backward blocking and backward generative trials, t (29) These results are largely consistent with those in Experiment 2, although overall levels of positive responses were markedly lower for both groups in this task. The pattern of counterfactual judgments of the 4-year-olds closely followed the pattern of causal judgments found for this age-group in Experiment 2, with similar responses given for the different trial types. Thus, for this agegroup, again, no evidence for cue competition effects was found. The pattern of counterfactual judgments given by the older group was similar to that found for causal judgments in Experiment 2, in that these children gave different types of judgments for the different trial types: Children were more likely to judge that the detector would not have gone off without A being present in blocking trials than in generative trials. However, the failure of the difference between backward blocking experimental trials and control trials to reach significance means that the results do not exactly match those of Experiment 2.
Results and Discussion

Experiment 4
In Experiment 3, children were asked the counterfactual question "Do you think the machine would have gone off if I hadn't put this one [A] on?" Arguably, it is only implicit within the question that children should be considering a counterfactual alternative in which B was placed on the detector, despite A's absence. In Experiment 4, we asked children the closely related counterfactual question "Do you think the machine would have gone off if I had only placed B on it?" It is possible that making the counterfactual alternative more explicit might assist children; furthermore this question focuses children's attention on the causal powers of the item of interest, namely B. We predicted that the same general pattern of age-related differences should be preserved, although differences between the different trial types might be magnified if the form of questioning assists children to imagine and focus on the relevant counterfactual scenario.
Method
Participants. Twenty-one 4-year-olds (M ϭ 52 months, range ϭ 49 -58 months) and twenty-six 5-to 6-year-olds (M ϭ 74 months, range ϭ 64 -83 months) took part in this experiment. There were 23 boys and 24 girls.
Procedure. This was identical to that in Experiment 3 except in the nature of the test questions. Children received the same eight trial types as in Experiment 3; following the last demonstration children were again asked whether or not the A item was a blicket. As in Experiment 3, they were then asked a counterfactual question, but in this experiment they were asked to judge what would have happened if B had been placed on the detector on its own. The experimenter said, "A moment ago I put both of these blocks on the machine together, and it went off. Do you think it would have gone off if I had only put this [gave color of B] one on?"
Results and Discussion Table 6 shows the average number of positive responses given to each trial type as a function of age-group. A three-way ANOVA on the number of positive responses given to the counterfactual question with a between-subjects factor of age and within-subjects factors of trial type (blocking vs. generative) and trial status (experimental vs. control) was conducted. .12]). However, none of these differences between trial types were significant in the 4-yearold group ( ps Ͼ .10). These results are consistent with the findings from Experiment 2 and 3, in that no evidence of cue competition effects was found in the younger age-group. In this experiment, the pattern of results for the older group closely matched those for the equivalent age-group in Experiment 2, in which children were asked causal rather than counterfactual questions. In contrast to the findings of Experiment 3, the difference between blocking trials and control trials was significant for the older group. This suggests that the older children are capable of making the relevant counterfactual judgments, particularly when the nature of the counterfactual scenario they are asked to consider is made clear.
General Discussion
Our experiments examined a number of different cue competition effects in young children in the context of the blicket detector task, and their results can be summarized as follows. First, we found clear evidence of age differences: Cue competition effects were reliably observed in our 5-to 6-year-old group but not in our 4-year-old group (Experiments 2-4). Second, we found no effect of trial order, in that cue competition effects that involved backward designs were no more difficult to obtain than those that did not (Experiment 2). Third, we found that blocking effects were as easily obtained as generative effects, and this was the case even for the effects in backward procedures (Experiments 2 and 4). Last, backward blocking and generative effects were also obtained in our older group when children were asked a more complex counterfactual question about what had happened in the absence of a cue, rather than simply asked to make a categorization judgment (Experiments 3 and 4).
Age Effects
We have interpreted the results of Experiment 2, further supported by Experiments 3 and 4, as demonstrating a developmental change between four and five years in causal judgments. We note that other researchers have found other sorts of developmental changes in causal judgments using this type of procedure (Gopnik et al., 2001; Sobel & Kirkham, 2006; Sobel et al., 2004) . What we take to be of interest here is not the specific age at which cue competition effects were found to be emerging (which, after all, may differ in other populations) but the fact that robust age-related improvements were obtained, suggesting that we need an account of such effects that allows for, or even predicts, such improvements. If it is the case, as De Houwer (2009; De Houwer et al., 2005) has argued, that effortful controlled reasoning processes that load on working memory underpin cue competition effects in humans, such age differences are entirely unsurprising.
Having said that, we note that we are not arguing here that cue competition effects could never be observed in 4-year-olds. Beckers, Van den Broeck, et al.'s (2005) study provides at least some evidence to the contrary; furthermore, the fact that such phenomena are widely observed in animals provides good reason to believe that under some circumstances it may be possible to demonstrate cue competition effects even in very young children (see also Sobel & Kirkham, 2006) . Rather, as many researchers have argued (see, e.g., Lovibond et al., 2003; Pineňo & Miller, 2007; Vadillo & Matute, 2007) , it seems likely that there may not be a single set of processes underpinning phenomena such as blocking across all circumstances. Which processes are involved may very much depend upon the nature of the task itself. Our findings raise the challenge of explaining why such a developmental pattern may emerge in a procedure that has been used very extensively in recent studies of children's causal learning. Elsewhere, it has been suggested that it is particularly likely that explicit inferential reasoning processes rather than more basic associative mechanisms may be important in tasks in which there are relatively few cues and low numbers of presentations ; see also Le Pelley & McLaren, 2003) . Given that the current task employs the minimal number of cues/ presentations possible to demonstrate cue competition phenomena, it is particularly plausible that the former sort of processes play a role. Their involvement may be used to explain developmental patterns on this task.
Cue Competition Effects
Whatever account is given of such phenomena on this task, it must be one that does not predict that the order in which participants receive information about stimuli affects the conclusions participants reach about their causal status. This finding is noteworthy because with adults it has sometimes proved more difficult to demonstrate backward cue competition effects, such as backward blocking, than their forward equivalents. However, although backward learning has sometimes been viewed as primarily a feature of potentially more sophisticated human causal learning, under at least some conditions related effects have been observed in animal learning (e.g., Balleine, Espinet, & Gonzalez, 2005; Liljeholm & Balleine, 2006; Miller & Matute, 1996) . The finding of equivalent levels of cue competition effects across our forward and backward conditions (Experiment 2) might be taken to suggest that simple associative accounts of blocking are inadequate for this task (see also Sobel et al., 2004) , although we emphasize strongly that such associative accounts were not designed to model findings from this sort of paradigm, in which a very small number of cue-outcome pairings are demonstrated.
In general, we found that backward blocking was as readily observable as backward generative learning. Again, this finding is of note, because backward blocking effects have sometimes proved more elusive to demonstrate than backward generative learning (see Dickinson, 2001 ) and the two effects are differentially affected by some task variables Lovibond et al., 2003; . Furthermore, Beckers et al. (2009) claimed to have found evidence for the latter but not the former in their 3-year-old group. Indeed, Beckers et al. argued that, for this particular task, higher order accounts predict generative learning but not blocking. Beckers et al. provided a more detailed discussion of why they think this; effectively, they argued that participants have not been provided with sufficient information to be confident about B's status. Although we agree that children could not definitively conclude B was not a blicket, we nevertheless believe that a sensitivity to the differential probability that a cue is a blicket across blocking and control trials could result in a difference in responses to cues across these trial types. Recall that the measure of blocking is given by the difference between causal judgments given to, for example, B after Aϩ and ABϩ demonstrations in comparison to judgments given to C after CDϩ demonstrations. Normatively, the likelihood that B is causal under such circumstances is identical to the baseline probability that any given cue is causal (see also Sobel & Kirkham, 2007; Sobel et al., 2004; Tenenbaum & Griffiths, 2003) ; in effect, participants have been provided with no useful information about B's status. However, the likelihood that C is causal will always be higher than the baseline unless the baseline probability is 1. Of course, the probability that C is causal is also related to the baseline and can be derived from Bayes' law to be 1/(2 Ϫ baseline); thus, for example, if the baseline probability is .50, the probability that C is causal is .66. If participants are sensitive to the fact that these probabilities are different, we would expect to see a difference in judgments to B and C. Thus, we take our findings to suggest that at least by age 5-6 years children are sensitive to the differing probabilities between these two trial types. Note that this sensitivity need not take the form of children actually calculating, even implicitly, the specific probabilities that obtain in a given task (after all, most adults would find it hard to derive the necessary probability calculations). Rather, the minimum that is required is that their judgments track the fact that in blocking trials they have effectively obtained no information regarding B's status, whereas in control trials they have received some positive information that a cue is causal.
Counterfactual and Causal Judgments
Experiments 3 and 4 introduced a novel way of assessing children's causal inferences on this task. Rather than being asked whether or not an object was a blicket, children were asked counterfactual questions about whether or not the detector would have gone off in the absence of one of the objects from a pair. Answering such questions required children to think about a scenario they had never observed: a scenario in which an object, which they had seen on the detector only along with another object, was placed on the detector individually. Under this form of questioning, our oldest group again showed evidence of cue competition effects, particularly when the counterfactual scenario to be considered was made very clear (Experiment 4). To our knowledge, these studies represent the first attempts to examine young children's counterfactual judgments in a task in which they have to make inferences about whether or not unfamiliar objects possess a completely novel causal property. It has previously been argued that some methods of assessing young children's counterfactual reasoning may have failed to properly tap counterfactual cognition, because children could have answered the questions correctly on the basis of preexisting knowledge without engaging in genuinely counterfactual thought about the experimental scenarios (see Perner et al., 2004) . Such a criticism cannot apply with regard to the questioning in our study, because children had to answer questions about scenarios they had never observed and could not have possessed the requisite preexisting knowledge. However, there may be other ways in which young children could answer counterfactual questions correctly without engaging in genuine counterfactual thought (Beck et al., 2006) . For example, children might translate the questions as being about what would happen if a certain event were to occur in the future (i.e., future hypothetical thinking: What will happen if B is placed on the detector on its own?) rather than what would have happened if things had been different (i.e., counterfactual thinking: What would have happened if B had been placed on the detector on its own?). There is some evidence that reasoning hypothetically about the future may emerge developmentally earlier than counterfactual reasoning (see Beck et al., 2006; Riggs et al., 1998) . We note that our older participants could have shown blocking or generative learning on this task only if they had taken into consideration the fact that B had been demonstrated along with A, so they must have at least considered past events that they had just observed. However, our experimental procedure does not allow us to be completely sure that children did not then switch to thinking about a future hypothetical situation rather than a specifically counterfactual one.
Nevertheless, introducing this method of assessing children's causal inferences means that three methods have now been employed to assess children's abilities on the much-used blicket detector task: asking children directly whether or not objects are blickets (i.e., categorization judgments); asking them to make novel interventions (e.g., "make it go" or "make it stop" by placing objects on or taking them off the blicket detector); and, now, asking them to make counterfactual judgments. Gopnik and colleagues have argued that the ability to make the second type of judgment indicates that children who are categorizing objects as blickets do so on the basis of genuinely causal rather than merely associative learning (e.g., Gopnik et al., 2001; Sobel et al., 2004) . Furthermore, we argued in the Introduction that the third type of judgment, counterfactual judgment, can potentially be seen as the verbal reasoning analogue of asking children to make a novel intervention. In our studies, cue competition effects showed a similar developmental timetable when children were asked either categorization questions (Experiment 2) or counterfactual questions (Experiment 3); however, we did not present both types of questions to a given sample of children, and none of our experiments employed the action-based response measure. Thus, we cannot yet fully identify the interrelationships between these three types of judgments: It may be that these types of abilities dissociate developmentally, with phenomena such as cue competition effects appearing earlier when purely action-based response are used, or it may be that all of these response measures tap a common process and that children who are competent with one response measure will show competence using the other measures. We are currently exploring this issue in our empirical work.
Although the suggestion that making counterfactual judgments forms part of the process of arriving at causal judgments (e.g., Harris et al., 1996) has largely fallen out of favor within experimental psychology (e.g., German, 1999; Mandel, 2003) , there is still considerable debate over the nature of the relation between these two types of judgment. In particular, it has recently been argued by those who describe causal learning in terms of the construction of models of the relations between variables, such as and Waldmann et al. (2006) , that the sorts of representations that support causal judgments should also be expected to support counterfactual judgments (see Hagmayer et al., 2007; Sloman & Lagnado, 2005) . There is clearly a need for researchers to examine the relation between children's causal and counterfactual judgments to explore whether or not this is the case. Our results make some contribution to this debate, insofar as they suggest that whatever account is provided of the processes and/or representations underpinning children's causal learning on the blicket detector task must be one that can explain children's ability to make not only causal judgments but also counterfactual ones.
